From Newton's Mechanics to General Relativity
To begin with, let's recall the laws of Newton's mechanics :
1. A particle moves with constant velocity if no force acts on it.
2. The acceleration of a particle is proportional to the force acting on it.
3. The forces of action and reaction are equal and opposite.
These laws hold in their simplest form only in inertial frames. The fact is stated as the Galilean principle of relativity :
Galilean PR : The laws of Mechanics have the same form in all inertial frames.
It implies the classical velocity addition law that has many confirmations in classical 
P2 : The speed of light is fnite and equal in all inertial frames.
These are basic for Special Relativity (SR). The SR is due to A.Einstein who came at the conclusion that the concepts of space and time are relative i.e. dependent on the reference frame of an observer. Mathematically, the postulates P1 and P2 implies that two inertial frames are 30 connected by a Lorentz transformation of coordinates. This fact leads to a new law for the addition of velocities and to two real physical effects: length contraction and time dilatation. The Lorentz transformations show also that is more natural to speak about spacetime as a set of points (events) with four coordinates than about space and time separately. The squared differential distance between neighboring events is given by the Lorentz invariant quadratic form. A. Einstein considered SR as incomplete because of the role played by the inertial frames.
He generalized the relativity of inertial motions to the relativity of all motions by formulating the general principle of relativity.
General PR : The form of physical laws is the same in all reference frames.
Mathematically, the general PR can be realized with the help of the principle of general covariance.
General covariance : The form of physical laws does not depend on the choice of coordinates.
This principle says that the physical laws have to be given in tensorial form. For details and historical motivations of the principles reviewed in the above we refer to the first chapter of the book [1] .
The Einstein equations
Let's relabel the time and the spatial variable in a spacetime M 4 (2.1) Here the entries of the matrix (g ij (x)) are the local components of a pseudo or semiRiemannian metric g on M 4 . We suppose that the canonical form of the matrix (g ij (x)) is diag(+;-;-;-). One says that M 4 is a Lorentz manifold. There exists an unique linear connection  with the local coefficients given by the usual form of the Christofell symbols which has no torsion and makes g covariant constant i.e. g ij;k = 0, where ; means the covariant derivative. Then where k is a constant and T ik is the energy -momentum tensor. The tensor T ik refers to the free formations (of the substance having non-zero rest mass, the free electromagnetic field, etc). This should be divergence free since the Einstein tensor (given by the left hand of the Einstein
Alternatively, the EE can be derived from Hamilton's principle
is the four dimensional volume element and in the Hilbert-Palatini Lagrange function bR + L, b is a constant, whereas the function L leads to T ik .
Using the Einstein equations one may try to determine g ik assuming that T ik is given or to take a special form of g ik and to determine T ik . The second task is easier. The first is much harder. In absence of the matter (void or empty space) we have T ik = 0 and a contraction with g ik in (2.2) leads to a simpler form of the EE : R ik = 0. The simplest and the most important exact solution of this last equation is the Schwarzschild metric to be discussed in the next Section. For details we refer to [2] .
The Schwarzschild metric
The Schwarzschild metric is the first found exact solution of the equation 
where because of the chosen signature we must have A > 0 and B > 0 and the both tend to 1 at large distance from the source ( r → ∞ ). Then one computes the Christofell symbols i jk  which are inserted in a formula for R ik , ( 5.27 in [2] ). The Einstein equations (3.1) give first that the product AB is a constant (equal to 1 as r tends to ∞). Hence B = 1∕A. Then (r/B)` = 1, where ` denotes the derivative with respect to r and upon integration one gets the Schwarzschild metric
where G is the universal gravitational constant and M is the mass of the central body (star, planet...). We stress that this metric is valid in the empty space outside of the central body.
In his treatise [3] , A. Sommerfeld derives the SM directly from the equivalence principle in form PE 3 . Here is his reasoning.
Let be a Point P lying in the empty space surrounding a central mass M which is distributed with spherical symmetry, its center being a point O. Within spherical coordinate, P will be determined by the . , Using this in (3.4) one _nds the SM in the form (3.2).
The main point here is the use of the energy conserving law from (3.6). But accordingly to the PE in its from PE 3 it is not only more natural but it is just compulsory the use of the relativistic law of energy conservation as a law from SR. It is true that the SR includes also the classical laws but only in limits and with some nuances due to different groups of symmetries.
This remark belongs to Professor Cleopatra Mociuţchi. Based on it she uses the relativistic law of energy conservation and so she arrived to and studied in the sixties, [4] [5] [6] [7] [8] , a Schwarzschild like metric as follows.
The relativistic law of energy conservation has the form and so the MM reduces to the R-NM. But in the MM only mass enters. The MM refers to a pure gravitational field. So we arrive at the conclusion that the principle of equivalence should be more precisely formulated as follows:
PE: The only dynamical effects of a gravitational field are locally equivalent to the field of inertial forces of a convenient accelerated frame of reference.
Of course, this strange mathematical coincidence could have and other explanations. To find some from the physical community was the aim of our paper.
Prof. Y. Itin proposed to our attention his paper [13] . Studying it we add more explanation as follows. The paper by Prof. Y. Itin is a study of the metrics that, in the framework of the GR constructed by A. Einstein, return all the GR tests in the observational limits.The MM metric presented in our paper suggests a possible generalization of the Einsteinian theory in which to admit that the gravitational field has itself a non vanishing energy-momentum tensor included in the right hand of the Einstein equations, equivalently, its Einsteinian tensor is non -null. Thus it seems that the curvature of space appears as a dynamical effect of the gravitational potential (the metric tensor field), but the gravitational field is much more than dynamical effects and a manifestation of this much more appears also in the second hand of the Einstein equation. The GR tests are also returned, but the movement of a free particle is no longer on geodesics. 
